Aim: Transient cardiac hypertrophy occurs in infants of diabetic mothers. The effect of this state on cardiac functions was investigated with a casecontrol study using tissue Doppler technique.
Introduction
Diabetes in the mother is a condition which leads to difficulty in the fetus with significant congenital disorders, risk of premature delivery and increased prenatal morbidity and mortality (1) . In addition, it causes to neonatal hypoglycemia, macrosomy and transient myocardial hypertrophy which regresses in the postnatal 2-4 weeks (2) . Increased insulin in the fetus and newborn may lead to disproportional septum thickening, left ventricular outlet stenosis, transient hypertrophic subaortic stenosis and heart failure in babies of diabetic mothers (3, 4) . Systolic and diastolic functions of the heart in infants of diabetic mothers (IDMs) have been studied by traditional echocardiography, but there is a limited number of studies conducted with tissue Doppler echocardiography. The aim of our study was to determine cardiac dysfunction by comparing tissue Doppler echocardiography results of term babies born by normal vaginal delivery and babies of diabetic mothers.
Material and Methods

Study groups
This study was performed between 01.01.2006 and 09.01.2008 in Selçuk University Meram Medical Faculty, Department of Pediatrics, Division of Pediatric Cardiology. The study groups were examined by tissue Doppler echocardiography in Pediatric Cardiology Echocardiography Laboratory. The patients were evaluated in the neonatal period. The study is a prospective case-control study. 16 babies of diabetic mothers (36%) who had an interventricular septum thickness greater than normal on echocardiography (group 1) and 29 babies of diabetic mothers who had a normal septum thickness (64%) (group 2) were included in the study as study groups. The control group consisted of 50 healthy babies who were born in the same hospital at the same dates at term and whose mothers were not diabetic.
The study was initiated after obtaining approval from the ethics committee of Selçuk University, Meram Medical Faculty. In addition, all parents were informed about the aim and content of the study and their consents were obtained. Patients who had congenital heart disease, dysmorphic findings, poor general status, asphyxia, prematurity, severe respiratory distress, a history of traumatic delivery and findings of intrauterine infection were excluded from the study.
Echocardiographic examination
The images were obtained with the patient in the supine position using Hewlett-Packard Sonos 5500 (Hewlett-Packard Co, Andover, Massachusetts) ultrasonography system. Tissue Dopple imaging methods were applied using 5-12 mHz probes according to the method described by Isaaz et al. (5) . On apical four-chamber images, the lateral mitral valve for the left ventricle, lateral tricuspid valve for the right ventricle and interventricular septum were measured in the middle segment. Myocardial velocities were measured in systole (Sm), early diastole (Em) and late diastole (Am) and the Em/Am ratio was calculated. The isovolemic contraction time, contraction period and isovolemic relaxation time were measured. The Tei index was calculated using the formula (Isovolemic contraction + isovolemic relaxation time/contraction period) (Figure 1 ).
Statistical Analysis
The data were entered into the Statistical Package for the Social Sciences (SPSS) 13.0 package program. The variables were given as mean±standard deviation. The Oneway Anova test was used in the analysis of the data. The Tukey HSD test was used in post hoc analysis for variables which were found to be different. A p value of ≤0.05 was considered statistically significant.
Results
When the general properties of the groups were examined, there was no difference in terms of gender and gestational week. Birth weights were higher in both study groups compared to the control group (p=0.001) ( Table 1 ).
The interventricular septum measurements obtained during diastole in the babies of diabetic mothers on M-mode echocardiographic examination are shown in Table 2 . The Em, Am and Sm velocities in the right ventricle, left ventricle and septum were lower in the babies of diabetic mothers compared to the control group (p=0.001) (Table 3-5).
The ratio of Em velocity to Am velocity (Em/Am) in the rigth and left ventricle was lower in the babies of diabetic mothers compared to the control group (p=0.030). This ratio was found to be lower than 1 (Table 3, 5).
The left ventricular Tei index was found to be 0.50±0.11 in the babies of diabetic mothers in group 1 and 0.48±0.15 in the control group (p=0.019) ( Table 3 ). The Tei index was found to be 0.51±0.13 in the right ventricle in the babies of diabetic mothers in group 1 and 0.48±0.11 in the control group (p=0.004) ( Table  5 ). No significant difference was found between the groups in terms of the Em/Am ratio in the septum and Tei index (p>0.05) ( Table 4) .
Discussion
The most common cardiac pathology in babies of diabetic mothers is asymmetrical septal hypertrophy (6) . There is an increased myocardial mass because of high levels of insulin in these patients and this may lead to dysfunction in diastole. Most babies of diabetic mothers may be asymptomatic despite this dysfunction (7). Cooper et al. (8) , found septal hypertrophy in 19 (31%) of 61 babies of diabetic mothers. Similarly, the interventricular septum thickness was found to be at the upper limit of normal in 36% (n=16) of the babies of diabetic mothers in our study (Table 2) .
Nagueh et al. (9) found a significant reduction in the left ventricular Em, Am and Sm velocities in patients with hypertrophic cardiomyopathy in a study they conducted. In our study, the left ventricular, septal and right ventricular Em, Am and Sm velocities were found to be significantly lower in the babies of diabetic mothers compared to the control group. The Em, Am, Sm velocities in group 1 (increased septal thickness) and group 2 (normal septal thickness) were found to be significantly lower compared to the control group (Table 3-5) .
Since Em represents myocardial tension in early diastole, the Em velocity is related with relaxation of the myocardium (diastolic function). Em is considered to be a variable which indicates ventricular relaxation independent of volume load and a Em value of <8 cm/s has been reported to indicate relaxation dysfunction (10, 11) . In the study performed by Mori et al. (12) , the mean Em values obtained from the left ventricle, right ventricle and septum of healthy newborns on the 0th day and between the first and 7 th days of life were found to be <8 cm/s (12). In our study, the mean left ventricular, right ventricular and septal Em velocity in group 1 IDMs and group 2 IDMs was found to be <8 cm/s. In our study, the right ventricular Em value was also found to be <8 cm/s in the control group. Conclusively, findings indicating relaxation dysfunction were found in both ventricles and in the septum in IDMs and in the right ventricle in the control group.
In normal adults, a Sm velocity of >5.4 cm/s in the mitral annulus indicates that ejection fraction which shows systolic function is normal (11). In our study, the Sm velocity for the left ventricle, right ventricle and septum was found to be >5.4 cm /s in the control group and IDMs groups. This tissue Doppler finding of us indicated that systolic functions were preserved in infants of diabetic mothers.
One of the early stage findings of diastolic dysfunction is significant reduction in Em and increase in Am on tissue Doppler ultrasonography (10) . The indicator of this is reversal of the Em/ Am ratio (lower than 1). In our study, the left ventricular Em/Am ratio was found to be lower than 1 only in IDM group in contrast to the control group. The septal and right ventricular Em/Am ratios in IDMs groups (groups 1, 2) and control group were found to be lower than 1. These results showed that diastolic dyafunction was present in both ventricles in the IDMs group and only in the right ventricle in healthy infants. This may be explained by physiological pulmonary hypertension in the neonatal period. (14) . Wei et al. (12) reported that the mean Tei index value was 0,37±0,06 in healthy babies younger than one month (16) . In our study, values close to this value were obtained in the control group. The Tei index is an index which is obtained by dividing the sum of isovolemic contraction and isovolemic relaxation times to the ejection time. The left ventricular Tei index was found to be significantly higher in group 1 IDMs (0.50±0.11) compared to the control group (0.48±0.15) (p=0.019) ( Table 3 ). No significant difference was found between the IDMs group and control group in terms of septal Tei index (Table 4 ). The right ventricular Tei index was found to be significantly higher in group 1 IDMs compared to the control group (p=0.004) ( Table 5 ). In our study, the fact that the Tei index was found to be significantly higher in group 1 IDMs compared to group 2 IDMs and the control group was related with shortness of the ejection time and prolongation of isovolemic contraction value. These significant high values of the right and left ventricular Tei indexes show that left ventricular functions were also affected in addition to right ventricular dysfunction which may be observed in IDMs and which is atributed to physiological pulmonary hypertension.
Conclusion
Interventricular septal thickening found in babies of diabetic mothers will disrupt the functions of both ventricles, though transiently. The fact that this dysfunction was more significant in the IDMs group with a thick interventricular septum compared to the other study group shows that infants with this pathology should be observed more carefully. Çimen and Karaaslan. Evaluation of cardiac functions of infants of diabetic mothers using tissue Doppler echocardiography
